An anti-plant viral protein (MAP), active against mechanical transmission of plant viruses, was purified to homogeneity from roots of Mirabilis jalapa L. by ammonium sulfate precipitation and ion exchange chromatography with CM-and DEAE-Sepharose.
INTRODUCTION
In our previous papers5, 8) , we reported the presence of a potent plant virus inhibitor in the roots, leaves, stems or cultured cells of Mirabilis jalapa L. and its mode of action, and showed that the substance is a protein specific to the plant by serological studies.
The protein was referred to as MAP (Mirabilis antiviral protein). We have established a quantification method of MAP using enzyme-linked immunosorbent assay8).
In this paper, we report the purification of MAP from roots of the plant, its characterization and physico-chemical quantification of MAP in crude preparations.
A part of this work was presented at the Annual Meeting of the Phytopathological Society of Japan, 19859).
MATERIALS AND METHODS
Materials for purification of MAP. Roots of a red flower M. jalapa plant were collected in Midori-ku, Yokohama.
The roots were sliced and lyophilized. The dried materials were powdered and used for purification of MAP as described under Results. MAP was adsorbed onto a cation exchange column (TSKgel SP-5PW, TOSO) and eluted with a linear gradient (0-0.18M) of sodium sulfate in 10mM phosphate buffer, pH8.0.
The flow rate was 1ml/min and peaks were detected by ultraviolet absorption at 230nm. Analytical ultracentrifugation. Sedimentation coefficient of purified MAP was determined using an analytical ultracentrifuge (Hitachi Model 282) with an ultraviolet scanning attachment.
Isoelectric electrophoresis. Isoelectric point of MAP was determined by 5% horizontal polyacrylamide slab gel containing carrier ampholite (Pharmalite, pH8.0-10.5, Pharmacia).
Determination of sugars. Total sugar content in MAP was analyzed by the phenolsulfuric acid method according to Dubois et al.1) Amino acid analysis. A 0.92mg sample of lyophilized MAP was hydrolyzed in a sealed and evacuated glass tube with 0.5ml of redistilled 6N HCl at 110C for 24hr. The hydrolyzate was freed of HCl using a rotary evaporator, then analyzed on an automatic amino acid analyzer (JEOL JLC-200A).
Thermal inactivation point. Samples of purified MAP were prepared from the red flower M. jalapa and a yellow flower one which was originally collected in Hatano, Kanagawa Prefecture. Lyophilized pure MAP dissolved in H2O was kept at various temperatures for 10min, cooled and antiviral activity of the heat-treated samples was assayed by the method described in our previous report8). Properties of MAP Purified preparation of MAP had ultraviolet absorption maximum at 278nm and minimum at 252nm, which is typical for protein. Extinction coefficient of MAP (E0.1%280) was estimated to be 0.9. The phenol-sulfuric acid method revealed that MAP has no sugar moiety in its molecule.
RESULTS

Purification
MAP migrated at a position of 24.2k dalton in SDS-PAGE when coelectrophoresed with a molecular weight standard protein mixture (Fig. 1) . The isoelectric point of MAP determined by polyacrylamide slab gel containing carrier ampholite was 9.8. Purified MAP was dissolved in H2O at a concentration of OD280=0.8/ml and centrifuged in an analytical ultracentrifuge at 55,000rpm.
From this experiment, sedimentation coefficient of MAP was calculated to be S20,w=2.5.
Results of amino acid analysis of MAP are shown in Table 1 . Tryptophan was determined according to Edelhoch2). Since only 24hr hydrolyzate was analyzed, there might still be uncertainty about the integrated value of each amino acid residue. Interesting features of the amino acid composition of MAP were the relatively high content of a basic amino acid, lysine, and the complete absence of histidine.
Thermal inactivation point of purified MAP obtained from the different sources of M. jalapa was determined by the assay of antiviral activity using the ordinary strain of tobacco mosaic virus (TMV-OM) and its local lesion host, Nicotiana tabacum (cv. Xanthi nc)8). As shown in Table 2 , MAP from the red flower plants was completely inactivated at 60C while that from the yellow flower plants kept its activity even though heated at 80C, suggesting that there might be some variations in the molecule of MAPs.
Quantification of MAP by SDS-PAGE and HPLC Since MAP migrated at a position of 24.2k dalton in SDS-PAGE as described above and the band of MAP was well separated from those of other proteins, MAP content in crude preparations could be quantified by SDS-PAGE. Figure 3 shows an example of the electrophoretic Table 1 . Amino acid composition of MAP a) Based on arginine (=6). b) Determined according to Edelhoch2). c) The molecular weight of MAP calculated from this integral number is 24,281. as a distinct sharp peak with a linear gradient of sodium sulfate. Figure 4 shows a typical chromatogram of the crude juice prepared by homogenizing root tissues with phosphate buffer, pH 8.0, containing 0.15M NaCl and 10mM sodium sulfite. One cycle of the analysis could be accomplished only in 20min.
DISCUSSION
In this paper, we reported that an antiviral substance in roots of M. jalapa was purified to homogeneity by ammonium sulfate precipitation and ion exchange chromatographies, and was revealed to be simple, basic protein of molecular weight of 24,200 in SDS-PAGE. Antiviral substances have been found in various plants, microorganisms and others3). Proteins or glycoproteins having inhibitory activity against plant viral infection were obtained from several higher plants, such as Phytolacca americana6,18), Dianthus caryophyllus12,13), Chenopodiales14), Boerhaavia diffusa16,17), Yucca recurvifolia11), etc. MAP is in common with proteins in P. americana7) and Y. recurvifolia11) in respect of being lysine rich, basic protein. Some of these proteins have been reported to inhibit protein synthesis on eukaryotic ribosomes6,7,15). MAP also have inhibitory effect on protein synthesis (unpublished) and this will be described elsewhere. Mechanism of the inhibitory effect of these proteins on viral infection is unclear and relationship between inhibition of viral infection and that of protein synthesis are also unknown. Although MAP causes in vitro reversible aggregation of TMV particles (unpublished), it seems dubious whether the inhibitory effect can be due to this phenomenon since the protein obtained from Y. recurvifolia was reported not to do so4). The physiological function and significance of these proteins in plants are still yet to be solved.
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